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(57)  The present disclosure relates to a warehouse
system having a fire protection system (650), the ware-
house system providing space for a three-dimensional
arrangement of storage bins. The warehouse system
comprises a plurality of interconnected storage modules
(200), wherein each storage module (200) comprises a
storage area and a top level arranged above the storage
area, wherein the storage area is adapted to accommo-
date a plurality of stacks of storage bins arranged in a
horizontal two-dimensional grid at a bottom of the storage
module (200), wherein, at the top level, at least one

vehicle is movable in alignment with the two-dimensional
grid to retrieve and place storage bins from and to the
plurality of stacks, wherein the plurality of interconnected
storage modules (200) comprises at least two levels of
storage modules (200) placed one above the other in an
individual room. The warehouse system comprises a fire
protection system (650) providing a plurality of fire pro-
tected modules (200) among the plurality of storage
modules (200), wherein, in each of the fire protected
modules (200), a pipe system (654) for releasing extin-
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Description
Technical Field

[0001] The present disclosure generally relates to the
field of warehouse systems. More particularly, the pre-
sent disclosure relates to a warehouse system having a
fire protection system, a modular construction method for
assembling such a warehouse system, and a prefabri-
cated interconnectable storage module for use in assem-
bling such a warehouse system.

Background

[0002] In the industry, warehouses are used to store
large amounts of goods in an organized manner. Ware-
house systems typically employed nowadays encom-
pass a variety of types of storage systems ranging from
simple pallet racks, allowing the storage of palletized
goods in horizontal rows with multiple levels where stack-
er cranes are employed to retrieve goods from the racks,
to compact warehouse systems that rather focus on the
efficient use of available space in a warehouse.

[0003] Automated warehouse systems, such as the
one disclosed in WO 2014/075937 A1, are one example
of compact warehouse systems. As shown in Figure 1,
such warehouse systems may comprise a grid structure
100 of storage cells, wherein each storage cell is ar-
ranged to accommodate a vertical stack of storage bins
102. Atatop level of the grid structure, one or more robots
104 (or, more generally, "vehicles") may move horizon-
tally to receive and place storage bins 102 from and to the
stacks of the storage cells, i.e., by raising storage bins
102 from the stacks to the top level or lowering storage
bins 102 from the top level down onto the stacks, respec-
tively. A bin lift 106 integrated into the grid structure 100
may receive a storage bin 102 from a robot 104 at the top
level and convey the storage bin 102 in a vertical direction
down to a handover station 108. Such warehouse sys-
tems are offered by AutoStore (http://www.autostoresys
tem.com), for example.

[0004] While such systems may efficiently use the
available space of a warehouse, they may suffer from
the problem that, when a storage bin is to be retrieved that
is currently stored at a low position in a stack of a storage
cell (e.g., atthe bottom of a stack), all storage bins placed
above the bin in the same stack temporarily need to be
relocated, e.g., to other stacks of the grid structure. This
may require an iterative relocation process until all sto-
rage bins above the bin to be retrieved are relocated so
that the bin can finally be accessed/retrieved and con-
veyed via the top level to the handover station. It will be
understood that such relocation process may be time-
consuming and quick retrieval times for all bins of the
warehouse system therefore cannot be guaranteed. Pro-
mises desired to be made by warehouse system provi-
ders, especially for the quick commerce industry, such as
promises for retrieval of bins within few seconds in order
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to guarantee instant delivery upon a completed purchase
transaction, can hardly be made.

[0005] Furthermore, while such systems may gener-
ally achieve high storage density, such density leads to
comparably high stack sizes with typically more than 10
bins per stack. For such systems, itmay notbe possible to
extinguish fire breaking out at lower storage bins of a
stack (e.g., at alowermostbin of a stack) and, therefore, it
is generally difficult to comply with regulatory fire protec-
tion requirements.

Summary

[0006] It is thus an object of the present disclosure to
provide warehouse system techniques that enable quick-
er retrieval of the storage bins of a warehouse system as
well as improved fire protection capabilities, or that im-
prove other aspects of the above-described warehouse
system.

[0007] According to the present invention, a ware-
house system having a fire protection system, a modular
construction method for assembling such warehouse
system, and a prefabricated interconnectable storage
module for use in assembling such warehouse system
are provided according to the independent claims. De-
velopments are set forth in the dependent claims.
[0008] According to a first aspect helping to under-
stand the present invention, a warehouse system provid-
ing space for a three-dimensional arrangement of sto-
rage bins is provided. The warehouse system comprises
a plurality of interconnected storage modules, wherein
each storage module comprises a storage area and a top
level arranged above the storage area, wherein the sto-
rage areais adapted to accommodate a plurality of stacks
of storage bins arranged in a horizontal two-dimensional
grid ata bottom of the storage module, wherein, at the top
level, atleast one vehicle is movable in alignment with the
two-dimensional grid to retrieve and place storage bins
from and to the plurality of stacks. The plurality of inter-
connected storage modules comprises atleasttwo levels
of storage modules placed one above the other in an
individual room.

[0009] For each of the plurality of storage modules, a
height of the storage module may be dimensioned to
allow a maximum number of 6, preferably 5, 4 or 3,
storage bins per stack of the plurality of stacks of the
storage module. The plurality of storage modules may
comprise at least 3, preferably at least 4 or at least 5,
levels of storage modules placed one above the other in
the individual room. The plurality of interconnected sto-
rage modules may further comprise at least two storage
modules placed one next to the other in a horizontal
direction in the individual room.

[0010] Each of the plurality of storage modules may be
aprefabricated interconnectable storage module, where-
in the warehouse system may be assembled from the
plurality of storage modules in the manner of a modular
construction system. Among the plurality of intercon-
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nected storage modules, two storage modules placed
one above the other may be interconnected using a
mechanical form fit established between a bottom of
the upper storage module and a top of the lower storage
module of the two storage modules. Each of the plurality
of storage modules may be dimensioned to have a max-
imum extension in a longitudinal direction of 4, preferably
3 or 2, meters. Each of the plurality of storage modules
may be dimensioned to accommodate a maximum of
500, preferably 400, 300, 200 or 100, storage bins in the
plurality of stacks of the storage module.

[0011] Each of the plurality of storage modules may
comprise an own ground surface, optionally in the form of
a rod assembly aligning with the two-dimensional grid,
based on which the plurality of stacks of storage bins of
the storage module may be placeable. At least a portion
ofthe plurality of interconnected storage modules may be
provided with outer walls so as to form a zone of con-
tiguous storage areas that is closed from the exterior,
wherein, optionally, outer walls may be provided to form a
plurality of zones of contiguous storage areas in the
warehouse system, wherein each zone may be closed
from the exterior and other zones of contiguous storage
areas, and wherein each of the plurality of zones may
form a different temperature zone. In at least one of the
outer walls, an opening may be provided to enable re-
trieval and placement of storage bins from and to the
storage modules of the respective zone.

[0012] According to a variant of this aspect which
reflects the claimed invention, at least a portion of the
plurality of storage modules may be provided with a fire
protection system. Thus, the warehouse system may
comprise a fire protection system providing a plurality
of fire protected modules among the plurality of storage
modules, wherein, in each of the fire protected modules,
apipe system for releasing extinguishing medium may be
installed. The plurality of fire protected modules may
comprise fire protected modules on at least two, prefer-
ably all, levels of storage modules of the warehouse
system. The pipe system may be arranged in upper
regions of the fire protected modules so that extinguish-
ing medium is releasable from the pipe system onto
storage bins present in the respective module. The pipe
system may be a branched pipe system in the fire pro-
tected modules, the branched pipe system configured to
reach all stacks of storage bins in the respective module
when releasing extinguishing medium. In the branched
pipe system, a nozzle for releasing extinguishing medium
may be provided above each stack of storage bins in the
respective module. The fire protected modules may be
provided with at least one smoke and/or temperature
sensor for the detection of fire in the respective module.
The pipe system may be mounted to mounting elements
specifically provided in the prefabricated storage module
for the mounting of the pipe system. The pipe system may
be installable per storage module, wherein pipes of a first
pipe system installed in a one storage module which
adjoin pipes of a second pipe system installed in a
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neighboring storage module are joined together to obtain
a connected pipe system extending over multiple storage
modules.

[0013] Inanother variant, in order to retrieve a storage
bin from one of the plurality of stacks of the plurality of
storage modules, at least one vehicle may, once the
vehicle has retrieved the storage bin from the stack, be
moved together with the storage bin along the top level of
the respective storage module towards an edge of the
storage module, where the vehicle may shift the storage
bin beyond the edge of the storage module and lower the
storage bin along the edge of the storage module to a
handover point of the warehouse system.

[0014] According to a second aspect helping to under-
stand the present disclosure, a modular construction
method for assembling a warehouse system is provided,
wherein the warehouse system provides space for a
three-dimensional arrangement of storage bins. The
method comprises assembling the warehouse system
from a plurality of prefabricated interconnectable storage
modules, wherein each storage module comprises a
storage area and a top level arranged above the storage
area, wherein the storage area is adapted to accommo-
date a plurality of stacks of storage bins arranged in a
horizontal two-dimensional grid at a bottom of the storage
module, wherein, at the top level, at least one vehicle is
movable in alignment with the two-dimensional grid to
retrieve and place storage bins from and to the plurality of
stacks. Assembling the warehouse system from the plur-
ality of prefabricated interconnectable storage modules
includes forming at least two levels of storage modules by
placing one storage module above another in an indivi-
dual room.

[0015] According to a third aspect helping to under-
stand the present disclosure, a prefabricated intercon-
nectable storage module for use in assembling a ware-
house system providing space for a three-dimensional
arrangement of storage bins is provided. The warehouse
system is to be assembled from a plurality of prefabri-
cated interconnectable storage modules of the type of the
prefabricated interconnectable storage module, the sto-
rage module comprising a storage area and a top level
arranged above the storage area, wherein the storage
area is adapted to accommodate a plurality of stacks of
storage bins arranged in a horizontal two-dimensional
grid at a bottom of the storage module, wherein the top
level is adapted to allow at least one vehicle to be mo-
vable, at the top level, in alignment with the two-dimen-
sional grid to retrieve and place storage bins from and to
the plurality of stacks. The storage module is further
adapted to be placeable above another storage module
of the same type so that, when the warehouse system is
assembled from the plurality of prefabricated intercon-
nectable storage modules, at least two levels of storage
modules are formable by placing one storage module
above another in an individual room.

[0016] According to a fourth aspect helping to under-
stand the present disclosure, a vehicle for retrieving a
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storage bin from a warehouse system is provided. The
warehouse system comprises at least one storage mod-
ule having a storage area and a top level arranged above
the storage area, the storage area being adapted to
accommodate a plurality of stacks of storage bins,
wherein the vehicle is configured to be movable at the
top level of the storage module to retrieve storage bins
from the plurality of stacks, wherein retrieving a storage
bin from a respective stack includes raising the storage
bin from the stack to the top level so that the storage binis
shiftable by the vehicle along the top level. The vehicle
comprises a gripper configured to grip a storage bin to
raise the storage bin from a respective stack and to shift
the storage bin along the top level, wherein the gripper is
arranged to extend beyond a main body of the vehicle so
that, when the storage bin is raised to the top level, the
storage bin is arranged alongside the main body on a first
vertical side of the main body, and an alternating mechan-
ism configured to change a position of the gripper with
respect to the main body so that, when a storage bin is
gripped and raised to the top level, the storage bin is
arranged alongside the main body on a second vertical
side of the main body.

[0017] The first vertical side of the main body and the
second vertical side of the main body may be one of
opposite vertical sides of the main body and adjacent
vertical sides of the main body that extend orthogonally
relative to each other.

[0018] Inone variant, the gripper may be telescopically
extendable beyond the first vertical side of the main body
and telescopically extendable beyond the second verti-
cal side of the main body, wherein the alternating me-
chanism may comprise a sliding mechanism configured
to alternatingly slide the gripper between a telescopic
extension beyond the first vertical side of the main body
and a telescopic extension beyond the second vertical
side of the main body. In another variant, the alternating
mechanism may comprise a rotating mechanism config-
ured to rotate the gripper between a rotational position in
which the gripper extends beyond the first vertical side of
the main body and a rotational position in which the
gripper extends beyond the second vertical side of the
main body.

[0019] In order to retrieve a storage bin from a respec-
tive stack, the vehicle may be configured, once the sto-
rage bin is raised and shifted along the top level towards
an edge of the top level, to shift the storage bin beyond the
edge of the storage module and to lower the storage bin
along the edge of the storage module to a handover point
ofthe warehouse system. Shifting the storage bin beyond
the edge of the storage module may include rotating,
using the rotating mechanism, the gripper while gripping
the storage bin to a rotational position in which the gripper
extends beyond the edge of the storage module.

Brief Description of the Drawings

[0020] In the following, the aspects of the present dis-
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closure will be described in more detail, also with refer-
ence to the accompanying drawings, in which:

Figure 1 illustrates a perspective view of a ware-
house system with a three-dimensional ar-
rangement of storage bins according to the
prior art;

Figure 2 illustrates a perspective view of an inter-
connectable storage module of a ware-
house system according to the present dis-
closure, providing space for a three-dimen-
sional arrangement of storage bins;
Figure 3 illustrates a perspective view of a ware-
house system comprising a plurality of in-
terconnected storage modules according
to the present disclosure;

Figure 4 provides an illustration of an exemplary
step of a modular construction method in
which two storage modules are placed one
above the other according to the present
disclosure;

Figure 5 illustrates the storage module of Figure 2 in
an empty state without storage bins, show-
ing the grid structure of the storage module
formed by a rod assembly;

Figure 6 illustrates an interconnectable storage
module with outer walls to form a zone pro-
viding a contiguous storage area that is
closed from the exterior according to the
present disclosure;

Figure 6a illustrates an exemplary fire protection sys-
tem arranged in an upper portion of a sto-
rage module according to the present dis-
closure;

Figure 6b illustrates a variant of a fire protection sys-
tem in which the pipe system is arranged at
a bottom of a storage module;

Figure 7 illustrates a side view of the storage mod-
ule of Figure 2 in a situation in which a sto-
rage bin is conveyed downwards along an
outer edge of the storage module accord-
ing to the present disclosure;

Figure 8 illustrates a perspective view of a vehicle
comprising a sliding mechanism to move
the vehicle’s gripper between two positions
at opposite sides of a main body of the ve-
hicle according to the present disclosure;
and
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Figure 9 illustrates a perspective view of a vehicle
comprising a rotating mechanism to move
the vehicle’s gripper between positions at
various vertical sides of a main body of the
vehicle according to the present disclo-

sure.
Detailed Description

[0021] In the following description, for purposes of
explanation and not limitation, specific details are set
forth in order to provide a thorough understanding of
the present disclosure. It will be apparent to one skilled
in the art that the present disclosure may be practiced in
other implementations that depart from these specific
details.

[0022] According to a first aspect helping to under-
stand the present disclosure, there is provided a ware-
house system providing space for a three-dimensional
arrangement of storage bins, wherein the warehouse
system comprises a plurality of interconnected storage
modules. Each storage module comprises a storage area
and a top level arranged above the storage area, wherein
the storage area is adapted to accommodate a plurality of
stacks of storage bins arranged in a horizontal two-di-
mensional grid at a bottom of the storage module, where-
in, at the top level, at least one vehicle is movable in
alignment with the two-dimensional grid to retrieve and
place storage bins from and to the plurality of stacks. The
plurality of interconnected storage modules comprises at
least two levels of storage modules placed one above the
other in an individual room.

[0023] A storage module of the warehouse system, if
considered on its own, may generally be designed in
accordance with the grid structure described above with
respectto Figure 1,i.e.,itmay comprise a grid structure of
storage cells, wherein each storage cell may be adapted
to accommodate a vertical stack of storage bins. At the
bottom of the storage module, the storage cells may be
arranged in accordance with a horizontal two-dimen-
sional grid, thereby enabling - together with the vertical
stacks of storage bins placeable in the storage cells - a
three-dimensional (or "cube-like") arrangement of sto-
rage bins, in line with the illustration of Figure 1. In other
words, each cell of the two-dimensional grid at the bottom
of the storage module may form a base for a vertical stack
of storage bins in the corresponding storage cell. Alto-
gether, the storage cells (including their vertical exten-
sion accommodating the stacks) may form the storage
area of the storage module.

[0024] Above the storage area, a top level of the sto-
rage module may be provided, at which at least one
vehicle (or "robot") may be movable in alignment with
the two-dimensional grid at the bottom of the storage
module to retrieve and place storage bins from and to the
plurality of stacks, e.g., by raising an uppermost storage
bin from a stack to the top level ("retrieving a storage bin
from a stack") or by lowering a storage bin from the top
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level down onto the stack ("placing a storage bin to the
stack"). Placing a storage bin onto the stack may com-
prise placing the storage bin onto a topmost storage bin of
the stack (if the stack is currently non-empty) or placing
the storage bin onto a ground surface at the bottom of the
storage module reserved for the stack (if the stack is
currently empty), i.e., a cell of the two-dimensional grid at
the bottom of the storage module forming the base for the
stack. To this end, each vehicle may comprise a lifting
mechanism enabling the vehicle to carry out correspond-
ing raising/lowering procedures. Like in the illustration of
Figure 1, the top level of the storage module may com-
prise a grid structure that allows the vehicles to move in
alignment with the two-dimensional grid at the bottom of
the storage module, so that a vehicle may be moved to a
position above a stack in order to retrieve or place a
storage bin from/to the stack accordingly. The grid struc-
ture at the top level may be formed of a two-dimensional
grid of rails, for example, in which rollers of the vehicles
may engage, in order for the vehicles to be movable
horizontally in the longitudinal direction and/or in the
transverse direction along the top level of the storage
module.

[0025] An exemplary illustration of an individual sto-
rage module according to the present disclosure is
shown in Figure 2. As can be seen, the exemplary sto-
rage module 200 provides space for a three-dimensional
arrangement of storage bins 202, wherein the storage
module 200 comprises a storage area 204 and a top level
206 arranged above the storage area 204. In the storage
area 204, vertical stacks 208 of storage bins 202 are
arranged in a horizontal two-dimensional grid at the
bottom of the storage module 200. In other words, the
two-dimensional grid may extend in a longitudinal direc-
tion X and in a transverse direction Y at the bottom of the
storage module 200, wherein, at each cell of the two-
dimensional grid, a base for a stack 208 that may grow in
the vertical direction Z may be formed. Each such space
comprising the base for a stack 208 including the vertical
space above the base for accommodating the bins 202 of
the stack may be called a "storage cell", as referred to
herein. At the top level 206, a vehicle 210 is shown which
is movable (horizontally at the top level) in alignment with
the two-dimensional grid above the respective stacks
208 to retrieve and place storage bins 202 from and to
the plurality of stacks 208, as described above. A two-
dimensional grid of rails 212, in which rollers of the
vehicle 210 may engage, may form the bottom of the
top level 206 which separates the top level 206 from the
storage area 204.

[0026] As said, the general design of an individual
storage module of the warehouse system (i.e., if consid-
ered on its own) may as such generally correspond to the
design of the conventional grid structure known from WO
2014/075937 A1. However, contrary to the conventional
design, the warehouse system according to the present
disclosure may be made up of a plurality of such storage
modules, wherein the plurality of storage modules may
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be interconnected (i.e., connected with each other using
corresponding connection/fixation mechanisms) to form
the overall warehouse system. In particular, according to
the present disclosure, the plurality of interconnected
storage modules may be arranged so that the warehouse
system comprises at least two levels of storage modules
placed one above the otherin anindividual room, such as
the room of a building or a room of a container, for
example. The warehouse system may as such comprise
atleast two storage modules placed one above the other
in the vertical direction. Each such storage module may
have identical dimensions (at least in the horizontal di-
rection) and, preferably, have an identical overall con-
struction. As such, when placed one above the other, the
atleast two storage modules may be in vertical alignment
and together form a "stack" of interconnected storage
modules.

[0027] Such construction of a warehouse system has
at least two implications:

(1) On the one hand, the warehouse system has at
least two "top levels" in the above sense, i.e., at least
two levels at which vehicles are horizontally movable
to retrieve and place storage bins from and to the
stacks of the warehouse system. This is at least one
"top level" more than in the warehouse system
known from WO 2014/075937 A1, which - as shown
Figure 1 - only has a single uppermost "top level".
The warehouse system of the present disclosure, on
the other hand, may be said to have, in addition, at
least one "intermediate” top level disposed between
the uppermost "top level" and the ground.

(2) On the other hand, as the "stacked" storage
modules are - per definition of the present disclosure
- placed in an individual (single) room, this also
implies that the heights of the individual storage
modules are generally lower than the height of the
overall warehouse system, such as the one known
from WO 2014/075937 A1, thereby generally yield-
ing smaller stack sizes having less storage bins per
stack.

[0028] Both implications, i.e., (1) more "top levels"
allowing access to the storage bins via vehicles at differ-
ent vertical levels and (2) smaller stacks having less
storage bins per stack to be accessed by the vehicles,
may generally allow quicker access times to retrieve and
place storage bins from and to the stacks of the ware-
house system, since needed relocation procedures of
storage bins (e.g., from one stack to another, as de-
scribed above) in order to make a bin to be retrieved
accessible will be less time-consuming in average.
Quicker overall response times and increased through-
put may thus be achieved, which, depending on the
particular design of the storage modules in the ware-
house system (e.g., number of intermediate "top levels",
maximum number of allowed storage bins per stack,
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etc.), may allow warehouse system providers to make
promises to customers in the quick commerce industry
for the retrieval of bins within a certain guaranteed
amount of time, such as within few seconds, for example.
[0029] The above advantage may generally be said to
be achieved by a separation of the warehouse system of
WO 2014/075937 A1 (Figure 1) into smaller modules
each having a "flatter" design, wherein the additional
"top levels" of the storage modules and the smaller stack
sizes resulting from the modular design may generally
lead to the mentioned higher throughput capabilities.
While, in certain embodiments, WO 2014/075937 A1
also discloses variants in which an overall warehouse
may be formed by separate warehouse systems installed
at different floors of a building, each such separate ware-
house system is still formed in a separate room of the
building (on a separate floor) and therefore suffers from
the same disadvantage described above, namely thatthe
stack sizes of such warehouse systems are too high to
provide quick access times satisfying given access time
requirements for all storage bins. According to the pre-
sent disclosure, on the other hand, the plurality of
"stacked" storage modules are provided in an individual
room, dividing the room height into space for a plurality of
"stacked" storage modules each having a comparably
"flat" design, which enables the mentioned quicker ac-
cess times.

[0030] Summarizing the above in still other words,
rather than providing separate portions of a warehouse
system at different rooms (or floors) of a building, the
warehouse system of the present disclosure may be
made up of a plurality of interconnected storage modules
placed one above the other in the same room (i.e., dis-
posed directly one above the other, without separation by
a continuous floor of another entity (e.g., a building or a
container), i.e., a floor not being formed by the storage
modules of the warehouse systemiitself, such as the floor
ofabuilding ora container), which implies smaller heights
of the individual storage modules and, consequently,
smaller stack sizes to be handled by the vehicles, thereby
enabling higher throughput for the warehouse system as
a whole. In some variants, for each of the plurality of
storage modules, a height of the storage module may be
dimensioned to allow a maximum number of 6, preferably
5, 4 or 3, storage bins per stack of the plurality of stacks of
the storage module. Typical room heights in which the
warehouse system of the present disclosure may be
installed may comprise a maximum height of 5, prefer-
ably 4, 3 or 2.5 meters, for example. As said, the room
may be aroom of a building oraroom of acontainer, i.e.,a
room that may be closable from the exterior. It will be
understood that the formulation "in an individual room" as
generally used herein to characterize the warehouse
system according to the present disclosure may have
the meaning of "on a floor" or "on an individual floor" (of a
building or container), for example. It will also be under-
stood that the present disclosure may comprise a build-
ing or container in which the warehouse system of the
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present disclosure is installed.

[0031] It will be understood that the advantages of
increased throughput and quicker access times may
be further improved, as more levels of storage modules
placed one above the other are provided in the individual
room. In such variants, the plurality of interconnected
storage modules may not only form two levels of storage
modules placed one above the other, but may comprise
at least 3, preferably at least 4 or at least 5, levels of
storage modules placed one above the other in the in-
dividual room. Each such number of levels may be ap-
plied for a given room height, e.g., for each of the ex-
emplary maximum room heights mentioned above.
[0032] It will further be understood that, among the
plurality of interconnected storage modules of the ware-
house system, storage modules may not only be
"stacked" in the vertical direction, i.e., placed one above
the other, but may also be "lined up" in at least one
horizontal direction, i.e., placed next to each other,
e.g., in the longitudinal direction and/or in the transverse
direction of the warehouse system. In other words, the
plurality of interconnected storage modules may further
comprise atleast two storage modules placed one nextto
the other in a horizontal direction in the individual room.
Each such storage module may have identical dimen-
sions (at least in the vertical direction) and, preferably,
have an identical overall construction. As such, when
placed next to each other, the at least two storage mod-
ules may be in horizontal alignment (as seen in the
longitudinal and/or the transverse direction, as applic-
able) and together form a "line" (or "row") of intercon-
nected storage modules in the respective horizontal di-
rection. As said, the "line-up" may be realized in either the
longitudinal direction or in the transverse direction of the
warehouse system, or both.

[0033] Inspecific variants, the warehouse system may
comprise interconnected storage modules lined up in all
three dimensions of the warehouse system, i.e., in the
vertical direction, the longitudinal direction and the trans-
verse direction. In such variants, the plurality of inter-
connected storage modules may comprise at least two
storage modules placed one above the other in the
vertical direction, at least two storage modules placed
one next to the other in the longitudinal direction, and at
least two storage modules placed one next to the other in
the transverse direction in the individual room. In this
case, the warehouse system may also be said to form a
cube made up by the plurality of interconnected storage
modules. As mentioned above for the number of vertical
levels, the plurality of interconnected storage modules
may likewise comprise at least 3, preferably at least 4 or
atleast 5, storage modules placed next to one anotherin
the longitudinal direction and/or the transverse direction.
It will be understood that, by placing storage modules
next to each other in such manner, larger base areas of
the warehouse system may be realized, wherein the
shape of the base area may be varied dependent on
how many storage modules are lined up in the long-
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itudinal direction and how many storage modules are
lined up in the transverse direction.

[0034] An exemplary illustration of a warehouse sys-
tem comprising interconnected storage modules lined up
in all three dimensions is shown in Figure 3. As can be
seen, the exemplary warehouse system 300 comprises a
plurality of interconnected storage modules, wherein, in
the shown example, each of the storage modules has an
identical construction, i.e., as described above with re-
ference to the storage module 200 shown in Figure 2. In
the shown example, the warehouse system 300 com-
prises two storage modules 200 placed one above the
other in the vertical direction Z, two storage modules 200
placed one nextto the otherinthe longitudinal direction X,
and two storage modules 200 placed one next to the
other in the transverse direction Y. It will be understood
that such numbers of line-up storage modules in the
vertical, longitudinal and transverse directions are merely
exemplary and that other numbers of line-up may be
provided in each direction, depending on the particular
use case. In the shown example, each storage module
200 exemplarily provides a two-dimensional grid capable
of accommodating 9 stacks in the longitudinal direction X
and 4 stacks in the transverse direction Y, wherein each
stack may comprise a maximum of 4 storage bins 202 in
the vertical direction. As a result, each such storage
module 200 may accommodate a maximum of 144 sto-
rage bins 202, and the overall warehouse system 300
may consequently accommodate a maximum of 1152
storage bins 202. Compared to the warehouse system of
WO 2014/075937 A1, in which these 1152 storage bins
202 would be provided in the form of a "single storage
module" having only one uppermost "top level" at which
vehicles accessing the storage bins may move, accord-
ing to the present disclosure, such design may be said to
be subdivided into a plurality of smaller submodules,
wherein the additional "top levels" of the submodules
and the resulting smaller stack sizes may generally lead
tothe higher throughput capabilities, as described above.
[0035] At atleast one (e.g., all) of the vertical levels of
the warehouse system described herein, the "top levels"
of the interconnected storage modules on the same
vertical level may be interconnected such that vehicles
are allowed to horizontally move from the top level of one
storage module to the top level of an adjacent storage
module (i.e., in the longitudinal and/or transverse direc-
tion). When the plurality of interconnected storage mod-
ules comprises at least two storage modules placed one
next to the other, and when the top level of the at least two
storage modules are formed of a two-dimensional grid of
rails in which rollers of the vehicles may engage in order
for the vehicles to be movable horizontally in the long-
itudinal direction and/or in the transverse direction along
the top level, as described above, the rails of two adjacent
interconnected storage modules may thus be arranged
such that vehicles are allowed to move from the top level
of one of the adjacent interconnected storage modules to
the top level of the other one of the adjacent intercon-
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nected storage modules, to thereby allow continuous
horizontal movement of the vehicles between adjacent
interconnected storage modules.

[0036] Therefore, while, in the exemplary warehouse
system 300 shownin Figure 3, individual vehicles 210 are
exemplarily shown/provided for each separate storage
module 200 (e.g., each such vehicle 210 may, in some
variants, only be movable within the top level of its
associated storage module 200, but not move over to
an adjacent storage module 200), it will be understood
that, in other variants, the warehouse system may be
constructed such that one or more vehicles 210 may
horizontally move between the "top levels" of adjacent
storage modules 200. Thus, inthe exemplary warehouse
system 300, it may also be conceivable that one or more
vehicles 210 are provided per vertical level of the ware-
house system 300 and are horizontally movable to reach
all stacks provided at that vertical level of the warehouse
system 300.

[0037] As has become apparent from the above, the
warehouse system according to the present disclosure
may be made up of a plurality of interconnected storage
modules. While it will be understood that each of the
individual storage modules may be assembled at the
time of constructing the warehouse system (i.e., the
individual storage modules may be built up themselves
during the installation procedure of the warehouse sys-
tem -in other words, "as part of" the installation procedure
of the warehouse system, but not before it), in some
particular variants, the plurality of storage modules
may be prefabricated and the warehouse system may
be built based on (or "using") the prefabricated storage
modules. In such variants, the warehouse system may
thus be said to be assembled from the prefabricated
storage modules. "Prefabricated" in this sense may
mean that an individual storage module is already as-
sembled (or "preconfigured") in itself and may be used as
"one piece" (or "single item") for building up the ware-
house system in the construction procedure of the ware-
house system. The use of prefabricated interconnectable
storage module may generally enable constructing the
warehouse systemin line with (or "following the principles
of'/"using") modular construction methods, in which
warehouse system may be built up by connecting to-
gether the respective "single items" (i.e., the prefabrica-
ted/preconfigured modules) iteratively to form the ware-
house system, e.g., in a step-by-step manner. Each (or at
least a portion of) of the plurality of storage modules may
thus be a prefabricated interconnectable storage mod-
ule, wherein the warehouse system may be assembled
from the plurality of storage modules in the manner of a
modular construction system, e.g., in line with a modular
construction method, as mentioned above. In this way,
warehouse construction may be realized in a highly
efficient manner and on-site assembly times may be
significantly reduced.

[0038] According to a second aspect helping to under-
stand the presentdisclosure, there is thus also provided a
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modular construction method for assembling a ware-
house system, wherein the warehouse system provides
space for a three-dimensional arrangement of storage
bins. The method comprises assembling the warehouse
system from a plurality of prefabricated interconnectable
storage modules, wherein each storage module com-
prises a storage area and a top level arranged above the
storage area, wherein the storage area is adapted to
accommodate a plurality of stacks of storage bins ar-
ranged in a horizontal two-dimensional grid at a bottom of
the storage module, wherein, at the top level, atleast one
vehicle is movable in alignment with the two-dimensional
grid to retrieve and place storage bins from and to the
plurality of stacks. Assembling the warehouse system
from the plurality of prefabricated interconnectable sto-
rage modules includes forming at least two levels of
storage modules by placing one storage module above
another in an individual room.

[0039] Likewise, according to a third aspect helping to
understand the present disclosure, there is also provided
a prefabricated interconnectable storage module for use
in assembling a warehouse system providing space for a
three-dimensional arrangement of storage bins, wherein
the warehouse systemis to be assembled from a plurality
of prefabricated interconnectable storage modules of the
type of the prefabricated interconnectable storage mod-
ule. The storage module comprises a storage areaand a
top level arranged above the storage area, wherein the
storage area is adapted to accommodate a plurality of
stacks of storage bins arranged in a horizontal two-di-
mensional grid at a bottom of the storage module, where-
in the top level is adapted to allow at least one vehicle to
be movable, at the top level, in alignment with the two-
dimensional grid to retrieve and place storage bins from
and to the plurality of stacks. The storage module is
further adapted to be placeable above another storage
module of the same type so that, when the warehouse
system is assembled from the plurality of prefabricated
interconnectable storage modules, at least two levels of
storage modules are formable by placing one storage
module above another in an individual room.

[0040] It will be understood that, for the purpose of the
modular construction method according to the second
aspect as well as for the purpose of the prefabricated
interconnectable storage module according to the third
aspect, all features described herein with reference to the
warehouse system according to the present disclosure
(i.e., according to the first aspect) and its constructional
characteristics - in particular including the placement of
storage modules one above/next to the other and con-
necting them together - may be reflected/embodied in
respective steps of the modular construction method
according to the second aspect (e.g., as part of the
assembling step mentioned above), and likewise be
reflected/embodied in respective characteristics of the
prefabricated interconnectable storage module accord-
ing to the third aspect. The same applies vice versa with
respect to characteristics described herein with refer-
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ence to the modular construction method or the individual
prefabricated interconnectable storage module, which
likewise may be reflected/embodied in respective char-
acteristics of the warehouse system according to the first
aspect. Unnecessary repetitions are thus omitted in the
following.

[0041] In order to support an efficient modular con-
struction method, easy-to-apply connection mechanisms
for connecting and fixing together adjacent storage mod-
ules (i.e., placed one above the other and/or placed next
to the other) may be employed, which realize appropriate
"interconnectability" of the storage modules. Intercon-
nectability may generally be achieved by corresponding
connection mechanisms (or "means"/"devices") pro-
vided at the storage modules to allow connecting (or
"fixing together") the storage modules once they are
placed next to and/or above each other. This may include
applying a (e.g., preinstalled) locking mechanism (or
"means"/"device") at the adjacent modules once they
are placed next to/above each other, for example. Op-
tionally, the connection mechanisms may allow an (e.g.,
automatic or implicit) alignment of adjacent storage mod-
ules to be connected. To this end, corresponding guiding
means (e.g., guiding bars, guiding pins, or the like) may
be provided at the edges of the adjacent modules, for
example. For storage modules to be placed one above
the other in the vertical direction, a suitable connection
mechanism may involve using a mechanical form fit that
allows stacking the storage modules one above the other
just like in a "bottle crate manner". In such a variant,
among the plurality of interconnected storage modules,
two storage modules placed one above the other may be
interconnected using a mechanical form fit established
between a bottom of the upper storage module and a top
of the lower storage module of the two storage modules.
[0042] An exemplary illustration of a corresponding
modular construction method is shown in Figure 4. As
shown in the figure, the method comprises an exemplary
assembling step S400 by which two prefabricated inter-
connectable storage modules are placed one above the
otherin order to form a warehouse system having at least
two levels of storage modules, as generally described
herein. As in the previous examples, each of the storage
modules may have an identical construction, i.e., as
described above with reference to the storage module
200 shown in Figure 2 (although, in Figure 4, the storage
modules are shown in an empty state without storage
bins at the time of construction). Placing the two prefab-
ricated interconnectable storage modules 200 one above
the other may include "stacking" them in a "bottle crate
manner", as described above, and optionally connecting
them using appropriate fixation means. It will be under-
stood that similar steps may be performed in order to
place two prefabricated interconnectable storage mod-
ules nextto one another (e.g., in the longitudinal direction
Z and/or in the transverse direction Y) to yield a ware-
house system having at least two storage modules
placed next to each other in at least one horizontal
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direction, as described herein and as exemplarily shown
in Figure 3.

[0043] As said, the modular design of the warehouse
system according to the present disclosure may be con-
sidered to be generally characterized by the fact that, as
compared to conventional warehouse designs, a separa-
tion is made into smaller modules each having a com-
parably flat design, with smaller stack sizes having less
storage bins per stack. A further advantage of such
"smaller modules" may be that - given that storage mod-
ules are stacked above each other in an individual room,
as generally required herein - their relative sizes com-
pared to the individual room, such as the room of a
building or a container, may be dimensioned such that
the modules may be easily transportable, especially as
"one prefabricated piece" (or "single item") through cor-
responding doors or windows of such building/container
in order to be brought to the intended place of construc-
tion within the building/container accordingly. As such,
each of the plurality of storage modules (especially if
prefabricated) may be dimensioned to be transportable
through a door and/or a window of a building/container in
which the individual room is arranged.

[0044] As an example, in order to achieve such trans-
portability, each of the plurality of storage modules may
be dimensioned to have a maximum extension in a long-
itudinal direction of 4, preferably 3 or 2, meters. As an-
other exemplary dimensional measure, it may be said
that each of the plurality of storage modules may be
dimensioned to accommodate a maximum of 500, pre-
ferably 400, 300, 200 or 100, storage bins in the plurality
of stacks of the storage module. As typical dimensions of
storage bins to be placed in a warehouse system, such as
the one according to the present disclosure, may beinthe
ranges of length: 300mm-600mm, width:
200mm-400mm, and height: 145mm-310mm, a maxi-
mum of 500, preferably 400, 300, 200 or 100, storage
bins accommodated in the stacks of an individual storage
module implies a comparably "small dimension" of the
storage modules (in particular compared to warehouse
systems, such as the one known from WO 2014/075937
A1). Especially, a "flat design" of the storage modules
may be implied when some of the above-mentioned
dimensional parameters are combined, e.g., when the
maximum extension of the storage modules in a long-
itudinal direction of 4, preferably 3 or 2, meters is com-
bined with a maximum allowed number of 6, preferably 5,
4 or 3, storage bins per stack. Beyond the provision of
quicker access times and increased throughput as well
as a generally more flexible construction of the ware-
house system, as described above, the modular con-
structibility using "smaller" and "flatter" modules may also
allow fast on-site installation times. Especially in smaller
setups (e.g., if the warehouse system is to be installed in
comparably small rooms, rather than in huge industrial
halls), this may enable a compact design of the ware-
house system, while enabling to install the warehouse
systemjustlike in a "plug-and-play" manner with minimal
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effort. Typical dimensions for a storage module of this
type, such as the one shown in Figure 2, may comprise a
length of approx. 2.5 m in the longitudinal direction,
approx. 1.5 m in the transverse direction, and approx.
1 m in the vertical direction, allowing - given bin dimen-
sions of length: 300mm, width: 200mm, and height:
145mm - a maximum number of 4 bins per stack, with
9 stacks placeable next to each other in the longitudinal
direction and 4 stacks placeable next to each other in the
transverse direction, as shown in Figure 2.

[0045] With regard to the dimensional parameter va-
lues outlined in the above description (i.e., (1) the max-
imum allowed number of storage bins per stack being 6,
preferably 5, 4 or 3, (2) the maximum room heights in
which the warehouse system of the present disclosure
may be installed being 5, preferably 4, 3 or 2.5 meters, (3)
the number of levels of storage modules placed one
above the other in the room of the building being at least
2, preferably at least 3, at least 4 or at least 5, (4) the
number of storage modules placed next to one anotherin
the room of the building in the longitudinal direction
and/or in the transverse direction being at least 2, pre-
ferably atleast 3, atleast 4 or atleast 5, (5) the maximum
extension of a storage module in a longitudinal direction
being 4, preferably 3 or 2, meters, (6) the maximum
number of storage bins accommodated in the stacks of
a storage module being 500, preferably 400, 300, 200 or
100, and (7) the length, width and height ranges of
storage bins being length: 300mm-600mm, width:
200mm-400mm and height: 145mm-310mm), all possi-
ble combinations of these parameter values (although
not explicitly listed herein) shall be considered to be
explicitly disclosed in the present disclosure.

[0046] As far as the construction of an individual sto-
rage module is concerned, a storage module, especially
the above-mentioned grid structure of each storage mod-
ule, may be realized (e.g., exclusively) using a corre-
sponding rod assembly, for example. A rod assembly
may generally provide a lightweight implementation of a
storage module and may therefore facilitate its transport-
ability, especially in case of a prefabricated storage mod-
ule. Furthermore, each (or at least a portion) of the
plurality of storage modules may comprise an own
ground surface based on which the plurality of stacks
of storage bins of the storage module are placeable. In
some variants, such ground surface may likewise be
provided in the form of a rod assembly, e.g., a rod as-
sembly that aligns with the two-dimensional grid at the
bottom of the storage module, which may generally be
more lightweight as compared to a ground surface made
up by a continuous floor. Providing an own ground sur-
face per storage module may especially be advanta-
geous for lowest level storage modules of the warehouse
system, because an own ground surface may make a
storage module independent from the ground surface
characteristics of the room in which the warehouse sys-
temis installed. The room of a building (e.g., arented real
estate), for example, may thus not have to be provided
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with smooth floor characteristics, because uneven-
nesses of the floor may not affect the stackability of the
storage bins on the base provided at the bottom of lowest
level storage modules.

[0047] An exemplary rod assembly by which the grid
structure of a storage module may be made up is shown
in Figure 5. The exemplary storage module again has an
identical construction as described above with reference
to the storage module 200 shown in Figure 2 (although, in
Figure 5, the storage module is shown in an empty state
without storage bins). As can be seen from Figure 5, the
rod assembly comprises outer rods 500 forming a cubic
frame of the storage module 200 (comprising outer rods
500 in the vertical, longitudinal and transverse direc-
tions). The bottom of the storage module 200 is formed
of a rod assembly forming a two-dimensional grid 502,
wherein each cell of the two-dimensional grid 502 pro-
vides a base on which the storage bins (see reference
numeral 202 in Figure 2) may be placed to form vertical
stacks of storage bins. Above and in alignment with the
two-dimensional grid 502, another two-dimensional grid
504 is provided, which separates the top level from the
storage area of the storage module (see reference nu-
merals 206 and 204 in Figure 2), which, as described with
reference to Figure 2, may be provided in the form of a
grid of rails 212 (see Figure 2), in which rollers of vehicles
moving at the top level may engage. Figure 5 also shows
that further rods may be provided in the rod assembly,
such as struts 506 strengthening the cubic frame on one
or more sides of the storage module, as appropriate.
[0048] As a further constructional characteristic of the
warehouse system according to the present disclosure,
atleast a portion of the plurality ofinterconnected storage
modules may be provided with outer walls so as to form a
zone of contiguous storage areas that is closed from the
exterior. In case of adjacent storage modules, such outer
wall may be provided in the form of a partitioning wall
provided at the adjoining surface between the adjacent
storage modules. Zones may be provided in this manner
to subdivide the warehouse system into different zones
each fulfilling different storage conditions, such as differ-
ent storage temperatures required for goods stored in the
corresponding storage bins. Outer walls may also be
provided to form a plurality of zones of contiguous sto-
rage areas in the warehouse system, wherein each zone
may be closed from the exterior and other zones of
contiguous storage areas. Each of the plurality of such
zones may form a different temperature zone. As a mere
example, different zones may be established to provide
atleast one of a temperature zone having room tempera-
ture, atemperature zone having cooled temperature, and
atemperature zone having deep-freeze temperature (the
latter possibly being relevant for the storage of products
of the food industry, for example). Two or more of such
different zones may be isolated differently (e.g., isolating
each zone with different thickness of insulation material)
and, also, each zone may be provided with a separate
cooling system, for example.
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[0049] The outer walls may be installed detachably, so
that zones of contiguous storage areas may be changed
as necessary over time. In particular, the outer walls may
be installed in a manner that does not increase the outer
dimensions of the storage modules, e.g., by installing the
walls within a frame (optionally, including available struts
in the frame, such as struts 506 shown in Figure 5)
forming the outer side of the storage module. Further-
more, in at least one of the outer walls forming a zone, an
(e.g., closable) opening may be provided to enable re-
trieval and storage of storage bins from and to the storage
modules of the zone, e.g., so that vehicles at the "top
level" of a corresponding storage module may deliver and
receive storage bins through the opening to and from the
exterior.

[0050] An exemplary illustration of a storage module
having outer walls to form a zone in the above sense is
shown in Figure 6. In the shown example, a special case
is shown in which a zone is formed by a single storage
module 200, i.e., outer walls 600 may be provided on
each side of the single storage module 200 so as toform a
contiguous storage area that is closed from the exterior
602. As shown, an exemplary opening 604 is provided in
one outer wall 600 at the vertical level of the "top level" of
the storage module 200 in order to allow a vehicle moving
at the top level of the storage module to deliver and
receive storage bins through the opening 604 to and
from the exterior 602. It will be understood that the
depicted configuration is merely exemplary and that
zones of contiguous storage areas may be provided
across several adjacent storage modules, as needed.
[0051] In further constructional variants reflecting the
claimed invention, the characteristic of the modules hav-
ing a "flat design" may also be exploited for other pur-
poses, such as for fire prevention purposes regarding the
warehouse system. While in conventional systems, such
as those known from WO 2014/075937 A1, due to the
comparably high stack sizes, it may generally not be
possible to extinguish a fire breaking out at lower storage
bins of a stack (e.g., at a lowermost bin of a stack),
extinguishability for all bins of a stack - even including
the lowermost bins of the stacks - may be achieved by the
smaller stack sizes generally referred to herein, such as,
when the allowed maximum number of storage bins per
stack is 6, preferably 5, 4 or 3, as described above.
Therefore, in order to provide improved fire protection
capabilities, at least a portion (e.g., all) of the plurality of
storage modules may be provided with a fire protection
system. The fire protection system may be provided
individually at separate modules or may be provided
as a connected system covering multiple of the storage
modules, for example.

[0052] More specifically, the warehouse system may
comprise a fire protection system providing a plurality of
fire protected modules among the plurality of storage
modules, wherein, in each of the fire protected modules,
apipe system for releasing extinguishing medium may be
installed. Thus, instead of fire extinguishing systems
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typically employed in warehouse systems of conven-
tional types which extinguish fire by depriving it of oxygen
(which is a highly expensive technique but, given the
typically high stack sizes of conventional systems, it is
mostly the only effective way of extinguishing fire), the
present disclosure provides a technique by which fire
may be extinguished using a pipe system installed in the
storage modules themselves, i.e., exploiting the nature of
the modular warehouse system generally described
herein. The extinguishing medium released by the pipe
system may comprise any conventionally employed ex-
tinguishing medium, such as water or extinguishing
foam, for example. Due to the comparably small stack
sizes provided by the storage modules described herein,
fire originating even in the lowermost bin of a stack may
be extinguished effectively. The proposed per module
provision of a fire protection system yields a highly effec-
tive fire extinguishing system, while at the same time
providing a significantly less expensive system as com-
pared to the prior art.

[0053] It will be understood that, preferably, all of the
plurality of storage modules of the warehouse system
may be provided with a pipe system for fire protection, but
itwill be understood that, in certain variants, only a portion
of the plurality of storage modules may be equipped as
fire protected modules, e.g., as needed according to the
use case. In one variant, the plurality of fire protected
modules may comprise fire protected modules on atleast
two, preferably all, levels of storage modules of the ware-
house system.

[0054] The pipe system may be arranged in upper
regions of the fire protected modules so that extinguish-
ing medium is releasable from the pipe system onto
storage bins present in the respective module. The
"upper region" referred to herein may comprise the area
of the respective storage module itself, but may also
comprise regions beyond the storage module itself, such
as a lower region of a storage module placed above the
module, so that the pipe system may be arranged at the
bottom of a storage module placed above, for example.
By arranging the pipe system in the upper region of the
storage module, itmay be ensured that the whole storage
area of the module, preferably including the top level, is
effectively reachable when extinguishing medium is re-
leased by the pipe system, so that any storage bin
affected by fire within the storage module may success-
fully be extinguished.

[0055] In one particular variant, the pipe system may
be a branched pipe system in the fire protected modules,
wherein the branched pipe system may be configured to
reach all of stacks of storage bins and the respective
module when releasing extinguishing medium. In the
branched pipe system, a nozzle (or other opening) for
releasing extinguishing medium may be provided above
each stack of storage bins in the respective module,
thereby ensuring that each stack of storage bins may
be supplied with a sufficient amount of extinguishing
medium. Furthermore, it may be possible to control the
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pipe system such that extinguishing medium is only
released at a particular storage stack (or around a parti-
cular stack, i.e., including neighboring nozzles), whenitis
detected that fire has broken out at that storage stack. To
this end, the fire protected modules may additionally be
provided with at least one smoke and/or temperature
sensor for the detection of fire in the respective module.
Similar to the nozzles, it may be conceivable to provide a
separate smoke and/or temperature sensor above each
stack of storage bins in order to ensure improved local
detectability of fire.

[0056] When the plurality of storage modules of the
warehouse system are prefabricated storage modules
and when the warehouse system is assembled from the
plurality of storage modules in the manner of a modular
construction system, as generally described herein, the
pipe system may be mounted to mounting elements
specifically provided in the prefabricated storage module
for the mounting of the pipe system. Such dedicated
mounting elements in the modules may facilitate the
installation of the fire protection system when the ware-
house system is assembled. In order to further facilitate
the handling of the pipe system, the pipe system may be
installable per storage module. In this case, the pipe
system can be preinstalled in one module and, when
the module is about to be connected with a neighboring
storage module, the adjacent pipes may be joined to-
gether accordingly. Thus, when the pipe systemis install-
able per storage module, pipes of a first pipe system
installed in one storage module which adjoin pipes of a
second pipe system installed in a neighboring storage
module may be joined together to obtain a connected
pipe system extending over multiple storage modules.
[0057] Figure 6a illustrates an exemplary fire protec-
tion system 650 arranged in an upper portion of a storage
module 200 of the warehouse system. In the module 200,
the fire protection system 650 is realized by a pipe system
654 which comprises a main pipe 656 extending (cen-
trally) in the longitudinal direction of the module 200,
wherein branch pipes 658 extend orthogonally from
the main pipe 656 (i.e., in the transverse direction of
the module 200) towards the outer regions of the storage
module 200, reaching each row of stacks of storage bins.
Abranched pipe system s thus achieved which has (e.g.,
spray) nozzles 660 for releasing extinguishing medium
above each stack of storage bins (in accordance with the
two-dimensional grid of the storage module 200). In case
of fire, extinguishing medium may be released from the
pipe system 654 onto all storage bins present in the
module 200, i.e., covering the whole area of the module
200 (e.g., working as a water sprinkling system in case
the extinguishing medium is water, for example). With
such installation, the storage module 200 may be a fire
protected module, as generally referred to herein. Close
to the nozzles 660, smoke and/or temperature sensors
(not shown) may be provided to enable local detectability
of fire throughout the module 200.

[0058] Figure 6billustrates a variant of a fire protection
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system in which the pipe system 654 is arranged at a
bottom side of the storage module 200, providing fire
extinguishing functionality for the storage module ar-
ranged below (not shown). Figure 6b also illustrates a
detailed view of a portion of the pipe system 650, depict-
ing enlarged views of the main pipe 656, the branch pipes
658 and the nozzles 660. It will be understood that, when
the storage module 200 is coupled with a neighboring
storage module (not shown), the main pipe 656 may be
joined - at its end 662 - with an adjoining main pipe of an
equivalent pipe system installed at the neighboring sto-
rage module, to thereby achieve a connected pipe sys-
tem extending across several modules. The main pipe
656 may be responsible for the main supply of the system
with extinguishing medium. For example, the extinguish-
ing medium conveyed through the main pipe 656 may be
supplied from a central extinguishing medium reservoir.
[0059] In another variant of the present disclosure, in
order toretrieve storage bins from the warehouse system
of the present disclosure in general (i.e., no matter
whether or not outer walls/openings are provided, as
described above), rather than using bin lifts to convey
storage bins in the vertical direction (as known from WO
2014/075937 A1), storage bins may be conveyed beyond
outer edges of the storage modules when the storage
bins are to be delivered in the vertical direction to a
handover point (where warehouse personnel may take
corresponding goods from the bins for further proces-
sing). Inone suchvariant, in ordertoretrieve a storage bin
from one of the plurality of stacks of the plurality of storage
modules, at least one vehicle (moving at the top level of a
respective storage module) may, once the vehicle has
retrieved the storage bin from the stack, be moved to-
gether with (i.e., "carrying") the storage bin along the top
level of the respective storage module towards an edge of
the storage module, where the vehicle may shift the
storage bin beyond the edge of the storage module
and lower the storage bin along the edge of the storage
module to a handover point of the warehouse system.
[0060] An exemplary illustration of such bin convey-
ance along the edge of the storage module is depicted in
Figure 7, which shows a side view of the storage module
200 (viewing the longitudinal side of the storage module
200). In the figure, a state is shown in which the vehicle
210 has already carried the storage bin 202 along the top
level 206 of the storage module 200 and currently holds
the storage bin 202 at a position which horizontally ex-
tends beyond the outer edge of the storage module 200.
As indicated by the downward arrow in the figure, as a
next step, the vehicle 210 may lower the storage bin 202
along the edge of the storage module 200 in the vertical
direction down to a handover point (not shown) of the
warehouse system, for example.

[0061] Such a retrieval mechanism may be advanta-
geous over that of the warehouse system known from
WO 2014/075937 A1 which, as shown in Figure 1, uses a
bin lift 106 that is integrated into the grid structure to
convey a storage bin to a handover station 108. It will be
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understood that, as the bin lift 106 is integrated in (i.e.,
placed within) the grid structure, potential storage space
within the grid structure may be wasted. According to the
above-described retrieval mechanism, on the other
hand, bins may not need to be transferred from the
vehicles to any lift, but the vehicles themselves may be
capable of conveying the bins down to a handover point,
i.e., by shifting the storage bin beyond the edge of the
storage module and lowering the storage bin along the
edge of storage module to the handover point. In this way,
a lift may no longer be needed at all. Depending on the
orientation of the vehicle on the top level of the storage
module, shifting the storage bin beyond the edge of the
storage module may include rotating, using a rotating
mechanism, a gripper of the vehicle gripping the storage
bin to a rotational position in which the gripper extends
beyond the edge of the storage module.

[0062] According to a fourth aspect helping to under-
stand the present disclosure, there is also provided a
vehicle for retrieving a storage bin from a warehouse
system, wherein the warehouse system comprises at
least one storage module having a storage area and a
top level arranged above the storage area, wherein the
storage area is adapted to accommodate a plurality of
stacks of storage bins. The vehicle is configured to be
movable at the top level of the storage module to retrieve
storage bins from the plurality of stacks, wherein retriev-
ing a storage bin from a respective stack includes raising
the storage bin from the stack to the top level so that the
storage bin is shiftable by the vehicle along the top level.
The vehicle may as such correspond to a vehicle mova-
ble at the "top level" of a storage module, as generally
described above, and, therefore, the warehouse system
in which the vehicle is used may correspond to the ware-
house system according to the present disclosure (i.e.,
according to the first aspect). Therefore, those features
described above (in accordance with the first, second
and third aspects of the present disclosure) in relation to
vehicles movable along the "top levels" of the storage
modules as well as the warehouse system in general may
be comprised by the vehicle and accompanying ware-
house system according to the fourth aspect as well, and
vice versa. Unnecessary repetitions are thus omitted in
the following.

[0063] In brief, the vehicle may also be described as a
vehicle for retrieving a storage bin from a warehouse
system, wherein the vehicle is configured to be movable
at a top level of a storage module of the warehouse
system and to retrieve a storage bin by (vertically) raising
the storage bin to the top level from a stack of storage bins
accommodated in a storage area of the storage module
arranged below the top level, e.g., so that the storage bin
is (horizontally) shiftable by the vehicle along the top
level. As characteristic constructional features, the ve-
hicle comprises a gripper configured to grip a storage bin
to raise the storage bin from a respective stack (e.g., and
to shift the storage bin along the top level), wherein the
gripper is arranged to extend beyond a main body of the
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vehicle so that, when the storage bin is raised to the top
level, the storage bin is arranged alongside the main body
on afirstvertical side of the main body. The vehicle further
comprises an alternating mechanism configured to
change a position of the gripper with respect to the main
body so that, when a storage bin is gripped and raised to
the top level, the storage bin is arranged alongside the
main body on a second vertical side of the main body.
[0064] The vehicle may thus comprise a gripper which
can be alternated, by the alternating mechanism (or
"means"/"device"), between at least two positions,
wherein, in a first position of the gripper, the gripper
may be arranged with respect to the main body so that
a gripped storage bin is arranged along the first vertical
side of the main body, and wherein, in a second position
ofthe gripper, the gripper may be arranged with respect to
the main body so that a gripped storage bin is arranged
along the second vertical side of the main body. The first
vertical side of the main body and the second vertical side
of the main body may be different from each other.
[0065] The gripper may be provided as part of a grip-
ping arrangement disposed at a top of the main body of
the vehicle, for example, wherein the gripping arrange-
ment may comprise an arm which may extend into a
horizontal direction beyond the top of the main body,
and wherein the gripper may be disposed at (e.g., a
distant end of) the arm so that a storage bin may be held
(or "carried") along a vertical side of the main body of the
vehicle (e.g., close to, but not in contact with the main
body). For example, the gripping arrangement may be
provided in a "tower crane"-like form having a tower
arranged at (e.g., a top of) the main body and comprising
a crane arm movable between at least two horizontal
positions in order to alternate the position of the gripper
between the first position of the gripper and second
position of the gripper, as described above.

[0066] With respect to the two-dimensional grid of a
storage module according to the present disclosure, the
extension of the gripper in a horizontal direction beyond
the main body may be such that, when the vehicle is
placed (or "parked") on a given cell of the two-dimen-
sional grid, the gripper is held above one of the adjacent
cells of the two-dimensional grid so that the gripper can
raise a storage bin to be retrieved from the stack of the
adjacent cell. In order to be placed/parked on a given cell
of the two-dimensional grid, as can exemplary be seen
from the vehicle 210 shown in Figure 2, the main body of
the vehicle may have horizontal dimensions (i.e., exten-
sions in the longitudinal and transverse directions) that
substantially correspond to (or "align with"/"fit onto") the
given cell.

[0067] Which vertical side of the main body of the
vehicle is meant by references to the "first vertical side"
and the "second vertical side" of the main body, as gen-
erally referred to herein, may depend on the concrete
implementation of the alternating mechanism and/or on
the particular use case. For example, the first vertical side
of the main body and the second vertical side of the main



25

body may be one of opposite vertical sides of the main
body and adjacent vertical sides of the main body that
extend orthogonally relative to each other. With respect
to the two-dimensional grid of a storage module, it may be
said that, when the first vertical side and the second
vertical side are opposite vertical sides of the main body
and the vehicle remains parked/placed on a given cell of
the two-dimensional grid, the first position of the gripper
may be above one adjacent cell of the two-dimensional
grid and the second position of the gripper may be above
another cell of the two-dimensional grid which is on the
opposite side of the main body of the vehicle (i.e., invol-
ving alternating the gripper by 180° on the horizontal
plane from the viewpoint of the main body). Likewise, it
may be said that, when the first vertical side and the
second vertical side are adjacent vertical sides of the
main body that extend orthogonally relative to each other
and the vehicle remains parked/placed on a given cell of
the two-dimensional grid, the first position of the gripper
may be above one adjacent cell of the two-dimensional
grid and the second position of the gripper may be above
another cell of the two-dimensional grid which is on a side
of the main body of the vehicle that extends orthogonally
relative to the first side (i.e., involving alternating the
gripper by 90° on the horizontal plane from the viewpoint
of the main body).

[0068] In order to realize movability of the gripper
between opposite vertical sides of the main body of the
vehicle, in one variant, the gripper may be telescopically
extendable beyond the first vertical side of the main body
and telescopically extendable beyond the second verti-
cal side of the main body. In this case, the alternating
mechanism may comprise a sliding mechanism config-
ured to alternatingly slide the gripper between a tele-
scopic extension beyond the first vertical side of the main
body (i.e., the first position of the gripper) and a telescopic
extension beyond the second vertical side of the main
body (i.e., the second position of the gripper).

[0069] Such arrangement is exemplarily depicted in
Figure 8, which shows a schematicillustration of a vehicle
800 in a perspective view. The vehicle 210 shown in
Figure 2 may correspond to vehicle 800, for example.
As can be seen, the exemplary vehicle 800 comprises a
main body 802 as well as a gripper 804 in the form of an
arm arranged at the top of the main body 802 and
extending/extendable horizontally beyond the main body
802, so that the gripper 804 may grip a storage bin 806
(indicated by dashed lines only), wherein the storage bin
806 is arranged alongside the main body 802 on one
vertical side of the main body 802. The vehicle 800 further
comprises an alternating mechanism, which, in the
shown example, is given by a sliding mechanism 808
that may be used (when the vehicle does not carry a
storage bin) to slide the gripper 804 (using a translational
movement) to the opposite side of the main body 802, as
indicated by the arrow shown in Figure 8, i.e., in other
words, to slide the gripper 804 from the telescopic ex-
tension beyond the vertical side of the main body 802
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currently shown in Figure 8 to a telescopic extension
beyond the opposite vertical side of the main body 802
(where the gripper 804 may again grip a storage bin 806,
but now on the other side of the main body 802). It will be
understood that the sliding mechanism 808 may in this
sense be used to alternatingly slide the gripper 804
between these two telescopically extended positions.
[0070] On the other hand, in order to realize movability
of the gripper between adjacent vertical sides of the main
body extending orthogonally relative to each other (pos-
sibly also between opposite vertical sides of the main
body of the vehicle), the alternating mechanism may
comprise a rotating mechanism configured to rotate (or
"turn") the gripper between a rotational position in which
the gripper extends beyond the first vertical side of the
main body (i.e., the first position of the gripper) and a
rotational position in which the gripper extends beyond
the second vertical side of the main body (i.e., the second
position of the gripper). Such rotating mechanism may be
implemented using a tower crane-like gripping arrange-
ment, as mentioned above, for example.

[0071] An exemplary arrangement for such rotating
mechanism is depicted in Figure 9, which shows a sche-
matic illustration of a vehicle 900 in a perspective view.
The vehicle 900 generally corresponds (or "is identical")
to the vehicle 800, the only difference being that, instead
of a sliding mechanism 808, a rotating mechanism 908 is
provided in order to alternate the gripper 904 between
different positions (in this case, "rotational" positions). In
the shown example, the rotating mechanism 908 is ar-
ranged such that the gripper 904 may be rotated about a
vertical axis A extending through the center of the main
body of the vehicle 900 (viewed from a top view of the
vehicle). In Figure 9, the corresponding rotational move-
ment is indicated by corresponding arrows, which show
that such movement could be performed in one or both
rotational directions. A rotational movement of the grip-
per 904 may include rotational movements of 90°, 180°
and/or 270°, so that the gripper 904 may be alternated
between positions alongside each vertical side of the
main body 902 of the vehicle 900, as needed. It will be
understood that, in such variant, changing the position of
the gripper 904 may be possible while the vehicle 900
carries a storage bin 906 (again indicated by dashed lines
only).

[0072] It will be understood that, due to the presence of
the alternating mechanism, the vehicle of the present
disclosure may be advantageous in that the gripper may
be alternated between different positions, such as be-
tween opposite positions with respect to the main body of
the vehicle. Vehicles known from WO 2014/075937 A1,
on the other hand, do not comprise such alternating
mechanism and can grip storage bins only at one dedi-
cated (i.e., fixed) side, so that, at the "top level" of the
warehouse system, atleasttwo vehicles are necessaryin
order to reach and convey bins from all stacks of the
warehouse system, i.e., one vehicle that is able to handle
the "north-bound" conveyance direction and one that is
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able to handle the "south-bound" conveyance direction
(i.e., the opposite conveyance direction) along the top
level. Using the vehicle according to the present disclo-
sure, on the other hand, no such two "north-bound" and
"south-bound" vehicles are necessary per "top level",
but, rather, a single vehicle capable of handling both
conveyance directions may be sufficient per level. Ac-
cording to the present disclosure, less vehicles may thus
be needed for the warehouse system at each "top level".
[0073] The views of Figures 8 and 9 also schematically
show rollers on each vertical side of the main body of the
respective vehicle, which may engage in corresponding
rails of the "top level" of a storage modules in order to be
horizontally movable in the longitudinal and/or trans-
verse directions along the "top level", as described
above. In the example of Figure 9, such rollers are
indicated as rollers 910 that allow movement of the
vehicle 900 in both the longitudinal and transverse direc-
tions. The vehicle 900 may comprise a displacement
mechanism (or "means"/"device") to this end, which
may be used to alternatingly displace a corresponding
set of rollers 910 so that, in one state, only rollers 910 to
be used for movement in the longitudinal direction en-
gage therails of the "top level" while rollers 910 to be used
for movement in the transverse direction do not engage
any rails and, in another state, only rollers 910 to be used
for movement in the transverse direction engage the rails
of the "top level" while rollers 910 to be used for move-
ment in the longitudinal direction do not engage any rails.
In this way, the vehicle may alternatingly move in both the
longitudinal and transverse directions of the two-dimen-
sional grid along the "top level" of the respective storage
module.

[0074] It will be understood that, when it is said herein
that a vehicle may "move" along a top level of a storage
module, it may also said that the vehicle is "driven" along
the top level of the storage module. For driving purposes,
the vehicle may comprise a driving device configured to
drive the rollers of the vehicle to move the vehicle in at
least one of the longitudinal direction and the transverse
direction along the top level. The driving device may be
controlled by a control system of the warehouse system
(such as by a warehouse management computer, for
example), e.g., through signals transmitted to the vehicle
via wireless transmission. The driving device may be an
electric motor, for example, but it will be understood that
the driving device may also employ other drive technol-
ogies.

[0075] As already explained above, in order to retrieve
storage bins from the warehouse system of the present
disclosure, rather than using bin lifts to convey storage
bins in the vertical direction, storage bins may be con-
veyed beyond outer edges of the storage modules when
the storage bins are to be delivered in the vertical direc-
tion to a handover point (as exemplarily illustrated in
Figure 7). To this end, i.e., in order to retrieve a storage
bin from a respective stack, the vehicle may be config-
ured, once the storage bin is raised and shifted along the
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top level towards an edge of the top level, to shift the
storage bin beyond the edge of the storage module and to
lower the storage bin along the edge of the storage
module to a handover point of the warehouse system
(corresponding control signals may also be sent from the
control system to the vehicle, for example).

[0076] As already described above, in order to shift the
storage bin beyond the edge of the storage module, it
may be necessary, depending on the orientation of the
vehicle on the top level of the storage module, to rotate
the gripper of the vehicle to a rotational position in which
the gripper extends beyond the edge of the storage
module. From the viewpoint of the vehicle, shifting the
storage bin beyond the edge of the storage module may
thus include rotating, using the rotating mechanism, the
gripper while gripping the storage bin to a rotational
position in which the gripper extends beyond the edge
of the storage module. The storage bin may then be
lowered along the edge of the storage modules towards
ahandover point, as depicted in Figure 7. For the purpose
of such lowering procedure - as well as, likewise, for
lowering/raising procedures when a storage bin is to
be placed onto/received from a stack of a storage mod-
ule, the vehicle (e.g., the gripper of the vehicle) may
comprise an (e.g., electrically driven) lifting mechanism
(or "means"/"device") which may be configured to low-
er/raise a gripped storage bin accordingly (e.g., in ac-
cordance with corresponding control signals received
from the control system of the warehouse system).
[0077] It is noted that the above description of the
vehicle of the fourth aspect generally refers to the variant
of "retrieving a storage bin" from the warehouse system.
It will be understood that corresponding measures may
be realized for the other conveyance direction, i.e., the
variant of "placing a storage bin" in the warehouse sys-
tem. In this case, the corresponding measures may
comprise reverse measures to the measures described
above with respect to retrieving a storage bin.

[0078] Based on the above, the present disclosure
provides a vehicle in accordance with the following em-
bodiments:

Embodiment (A): A vehicle (210; 800; 900) for re-
trieving a storage bin (202) from awarehouse system
(300), the warehouse system (300) comprising at
least one storage module (200) having a storage
area (204) and a top level (206) arranged above
the storage area (204), the storage area (204) being
adapted to accommodate a plurality of stacks (208)
of storage bins (202), wherein the vehicle (210; 800;
900) is configured to be movable at the top level
(206) of the storage module (200) to retrieve storage
bins (202) from the plurality of stacks (208), wherein
retrieving a storage bin (202) from a respective stack
(208) includes raising the storage bin (202) from the
stack (208) to the top level (206) so that the storage
bin (202) is shiftable by the vehicle (210; 800; 900)
along the top level (206), the vehicle (210; 800; 900)
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comprising:

a gripper (804; 904) configured to grip a storage
bin (202) to raise the storage bin (202) from a
respective stack (208) and to shift the storage
bin (202) along the top level (206), wherein the
gripper (804; 904) is arranged to extend beyond
a main body (802; 902) of the vehicle (210; 800;
900) so that, when the storage bin (202) is raised
to the top level (206), the storage bin (202) is
arranged alongside the main body (802; 902) on
a first vertical side of the main body (802; 902);
and

an alternating mechanism (808; 908) configured
to change a position of the gripper (804; 904)
with respect to the main body (802; 902) so that,
when a storage bin (202) is gripped and raised to
the top level (206), the storage bin (202) is ar-
ranged alongside the main body (802; 902) on a
second vertical side of the main body (802; 902).

Embodiment (B): The vehicle (210; 800; 900) of
embodiment A, wherein the first vertical side of the
main body (802; 902) and the second vertical side of
the main body (802; 902) are one of:

opposite vertical sides of the main body (802;
902), and

adjacent vertical sides of the main body (802;
902) that extend orthogonally relative to each
other.

Embodiment (C): The vehicle (210; 800) of embodi-
ment A or B, wherein the gripper (804) is telescopi-
cally extendable beyond the first vertical side of the
main body (802) and telescopically extendable be-
yond the second vertical side of the main body (802),
wherein the alternating mechanism (808) comprises
a sliding mechanism (808) configured to alternat-
ingly slide the gripper (804) between a telescopic
extension beyond the first vertical side of the main
body (802) and a telescopic extension beyond the
second vertical side of the main body (802).

Embodiment (D): The vehicle (900) of embodiment A
or B, wherein the alternating mechanism (908) com-
prises a rotating mechanism (908) configured to
rotate the gripper (904) between a rotational position
in which the gripper (904) extends beyond the first
vertical side of the main body (902) and a rotational
position in which the gripper (904) extends beyond
the second vertical side of the main body (902).

Embodiment (E): The vehicle (210; 800; 900) of any
one of embodiments A to D, wherein, in order to
retrieve a storage bin (202) from a respective stack
(208), the vehicle (210; 800; 900) is configured, once
the storage bin (202) is raised and shifted along the
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top level (206) towards an edge of the top level (206),
to shift the storage bin (202) beyond the edge of the
storage module (200) and to lower the storage bin
(202) along the edge of the storage module (200)to a
handover point of the warehouse system (300).

Embodiment (F): The vehicle (900) of embodiment E
when dependent on embodiment D, wherein shifting
the storage bin (202) beyond the edge of the storage
module (200) includes rotating, using the rotating
mechanism (908), the gripper (904) while gripping
the storage bin (202) to a rotational position in which
the gripper (904) extends beyond the edge of the
storage module (200).

[0079] Itis believed that the advantages of the techni-
que presented herein will be fully understood from the
foregoing description, and it will be apparent that various
changes may be made in the form, constructions and
arrangement of the exemplary aspects thereof without
departing from the scope of the disclosure or without
sacrificing all of its advantageous effects. Because the
technique presented herein can be varied in many ways,
it will be recognized that the disclosure should be limited
only by the scope of the claims that follow.

Claims

1. A warehouse system (300) having a fire protection
system, the warehouse system (300) providing
space for a three-dimensional arrangement of sto-
rage bins (202) within an individual room of a building
or a container, wherein the warehouse system (300)
comprises a plurality of interconnected storage mod-
ules (200), wherein each storage module (200) com-
prises a storage area (204) and a top level (206)
arranged above the storage area (204), wherein the
storage area (204) is adapted to accommodate a
plurality of stacks (208) of storage bins arranged in a
horizontal two-dimensional grid at a bottom of the
storage module (200), wherein, at the top level (206),
at least one vehicle (210; 800; 900) is movable in
alignment with the two-dimensional grid to retrieve
and place storage bins (202) from and to the plurality
of stacks (208),

wherein the plurality of interconnected storage
modules (200) comprises at least two levels of
storage modules (200) placed one above the
other in the individual room of the building or the
container without separation of a continuous
floor of the building or the container,

wherein the warehouse system (300) comprises
a fire protection system providing a plurality of
fire protected modules among the plurality of
storage modules (200), wherein, in each of
the fire protected modules, a pipe system for
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releasing extinguishing medium is installed.

The warehouse system (300) of claim 1, wherein the
plurality of fire protected modules comprises fire
protected modules on at least two, preferably all,
levels of storage modules (200) of the warehouse
system (300).

The warehouse system (300) of claim 1 or 2, wherein
the pipe system is arranged in upper regions of the
fire protected modules so that extinguishing medium
is releasable from the pipe system onto storage bins
(202) present in the respective module (200).

The warehouse system (300) of any one of claims 1
to 3, wherein the pipe system is a branched pipe
system in the fire protected modules, the branched
pipe system configured to reach all stacks (208) of
storage bins (202) in the respective module (200)
when releasing extinguishing medium.

The warehouse system (300) of claim 4, wherein, in
the branched pipe system, a nozzle for releasing
extinguishing medium is provided above each stack
(208) of storage bins (202) in the respective module
(200).

The warehouse system (300) of any one of claims 1
to 5, wherein the fire protected modules are provided
with at least one smoke and/or temperature sensor
for the detection of fire in the respective module
(200).

The warehouse system (300) of any one of claims 1
to 6, wherein each of the plurality of storage modules
(200) is a prefabricated interconnectable storage
module (200), wherein the warehouse system
(300) is assembled from the plurality of storage
modules (200) in the manner of a modular construc-
tion system.

The warehouse system (300) of claim 7, wherein the
pipe system is mounted to mounting elements spe-
cifically provided in the prefabricated storage module
(200) for the mounting of the pipe system.

The warehouse system (300) of any one of claims 1
to 8, wherein the pipe system is installable per sto-
rage module (200), wherein pipes of a first pipe
system installed in one storage module (200) which
adjoin pipes of a second pipe system installed in a
neighboring storage module (200) are joined to-
gether to obtain a connected pipe system extending
over multiple storage modules (200).

The warehouse system (300) of any one of claims 1
to 9, wherein, for each of the plurality of storage
modules (200), a height of the storage module
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(200) is dimensioned to allow a maximum number
of 6, preferably 5, 4 or 3, storage bins (202) per stack
(208) of the plurality of stacks (208) of the storage
module (200).

The warehouse system (300) of any one of claims 1
to 10, wherein the plurality of storage modules (200)
comprises atleast 3, preferably atleast4 or atleast 5,
levels of storage modules (200) placed one above
the other in the individual room.

A modular construction method for assembling a
warehouse system (300) having a fire protection
system, the warehouse system (300) providing
space for a three-dimensional arrangement of sto-
rage bins (202) within an individual room of a building
or a container, the method comprising:

assembling (S400) the warehouse system (300)
from a plurality of prefabricated interconnect-
able storage modules (200), wherein each sto-
rage module (200) comprises a storage area
(204) and a top level (206) arranged above
the storage area (204), wherein the storage area
(204) is adapted to accommodate a plurality of
stacks (208) of storage bins (202) arranged in a
horizontal two-dimensional grid at a bottom of
the storage module (200), wherein, at the top
level (206), atleastone vehicle (210; 800; 900)is
movable in alignment with the two-dimensional
grid toretrieve and place storage bins (202) from
and to the plurality of stacks (208),

wherein assembling the warehouse system
(300) from the plurality of prefabricated inter-
connectable storage modules (200) includes
forming at least two levels of storage modules
(200) by placing one storage module (200)
above another in the individual room of the
building or the container without separation of
a continuous floor of the building or the contain-
er,

wherein assembling the warehouse system
(300) further includes installing a fire protection
system providing a plurality of fire protected
modules among the plurality of storage modules
(200), wherein installing the fire protection sys-
tem includes installing, in each of the fire pro-
tected modules, a pipe system for releasing
extinguishing medium.

A prefabricated interconnectable storage module
(200) for use in assembling a warehouse system
(300) having afire protection system, the warehouse
system (300) providing space for a three-dimen-
sional arrangement of storage bins (202) within an
individual room of a building or a container, wherein
the warehouse system (300) is to be assembled from
a plurality of prefabricated interconnectable storage
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modules (200) of the type of the prefabricated inter-
connectable storage module (200), the storage mod-
ule (200) comprising a storage area (204) and a top
level (206) arranged above the storage area (204),
wherein the storage area (204) is adapted to accom-
modate a plurality of stacks (208) of storage bins
(202) arranged in a horizontal two-dimensional grid
at a bottom of the storage module (200), wherein the
top level (206) is adapted to allow at least one vehicle
(210; 800; 900) to be movable, at the top level (206),
in alignment with the two-dimensional grid to retrieve
and place storage bins (202) from and to the plurality
of stacks (208), wherein the storage module (200) is
further adapted to be placeable above another sto-
rage module (200) of the same type so that, when the
warehouse system (300) is assembled from the
plurality of prefabricated interconnectable storage
modules (200), at least two levels of storage mod-
ules (200) are formable by placing one storage mod-
ule (200) above another in the individual room of the
building or the container without separation of a
continuous floor of the building or the container,
wherein the storage module (200) is further adapted
for a fire protection system to be installed, wherein
installing the fire protection system includes instal-
ling a pipe system for releasing extinguishing med-
ium in the storage module (200).
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